Differential interaction of cations with the thiamine and biotin transport proteins of Lactobacillus casei.
Lactobacillus casei cells contain separate and specific binding proteins which mediate the cellular uptake of thiamine and biotin. In buffered salt solutions, these proteins exhibit a very high affinity for their vitamin substrate. Dissociation constants (Kd values) at pH 7.5 are 0.03 and 0.15 nM for thiamine and biotin, respectively. Optimal binding of biotin requires the presence of cations. This cation dependence is substantial since the Kd for biotin is 60-fold higher in a buffer containing 0.1 mM K-Hepes, compared with a buffer composed of 50 mM K-Hepes and 5 mM MgCl2. Measurements of Kd versus cation concentration showed that Mg2+ is 300-fold more effective than K+ in promoting biotin binding. The extent of cation dependence decreases as the pH is reduced from 7.5 to 5.0, suggesting that protons can partially fulfill the cation requirement. In contrast, binding of thiamine to the thiamine transport protein shows no dependence on the ionic composition of the medium. These results suggest that the transport protein for the anionic vitamin, biotin, contains a binding site for cations. Cotransport of both the vitamin and cation into the cell might then occur during the normal transport cycle, allowing the cellular uptake of the vitamin to occur against the membrane potential. Conversely, the cationic vitamin, thiamine, does not appear to be transported into the cell as a complex with other ions.